Objectives-To determine whether occupational exposure to chromite, trivalent chromium, or hexavalent chromium causes respiratory diseases, an excess of respiratory symptoms, a decrease in pulmonary function, or signs of pneumoconiosis among workers in an integrated chain of stainless steel production. Methods-This cross sectional study was carried out in 1993 and the inclusion criterion was a minimum of eight years of employment in the same production department. A self administered questionnaire was collected, and spirometry, measurement of diffusing capacity, chest radiography, and laboratory tests were carried out by a mobile research unit. Results-There were 221 workers in the exposure groups and 95 in the control group. The average duration of employment was 18 years. No significant differences in the odds ratios (ORs) of the symptoms were found between the exposure and the control groups. In a logistic regression analysis age and smoking significantly explained the occurrence of most of the respiratory symptoms. The smokers in the chromite group had significantly lower forced vital capacity (FVC), forced expiratory volume in one second (FEVy), and diffusing capacity than the corresponding values of the control group. The analysis of variance between study groups, smoking, and exposure time, without modelling for interactions, showed that the chromite group had lower values for FVC, FEV,, and diffusing capacity than the other groups. The occurrence of small opacities was more frequent on the chest radiographs of the workers in the chromite group. Conclusions-An average exposure time of 18 years in ferrochromium and stainless steel production and exposure to dusts containing low concentrations of hexavalent or trivalent chromium do not lead to any respiratory changes detectable by lung function tests or radiography nor to any increase in symptoms of respiratory diseases. The lung function values were lower and the occurrence of radiological findings was more frequent among the workers from the chromite mine than among the controls. The difference was partly caused by differences in age and smoking habits, but evidently also partly by higher exposures more than two decades ago or by the fibrous components of the dust.
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(Occup Environ Med 1996;53:741-747) Keywords : stainless steel production; chromium exposure; respiratory health Chromate dust and fumes of chromium trioxide have been reported to cause asthma. ' Chromates, among other exposure agents in chromium plating, welding, and ferrochromium production, have been connected with cases of occupational asthma2 or bronchitis. Mining dust in an underground chromite ore mine has also been reported to cause chronic bronchitis. 3 Obstructive effects on lung function have also been found among chromium workers. 4 6 In one study reduced forced vital capacity (FVC) and an increased prevalence of obstructive lung diseases were found among electrofurnace workers in a ferrochromium plant.7 The author suggested that the effects were due to high levels of total dust, especially amorphous silica dust.
Nodular pneumoconiosis is another finding among workers in chromate production.8
However, it has not been confirmed in some studies.7 10 In a study on respiratory symptoms among 60 ferrochromium workers in Norway pneumoconiosis was diagnosed from the radiographical examinations.7
The integrated production chain of Outokumpu Steel Oy is unique; the mine and all the stainless steel manufacturing plants are in the same region. The figure shows a flow chart of the process. Unlike the rest of the ferrochromium furnaces in the world, the Outokumpu process is a fully closed system.
In an animal experiment"' chromite particles from Outokumpu's chromium mine were considered to be fibrogenetically inert.
The purpose of the present study was to determine whether long term occupational exposure to low levels of chromite, trivalent chromium (Cr+3), or group.bmj.com on November 6, 2017 -Published by http://oem.bmj.com/ Downloaded from line), because their level of exposure to chromium or dust in general was extremely low-or non-existent. Out of the 132 potential controls, 95 agreed to participate. The lower response rate among controls was mainly due to the relative inconvenience to the workers in matching workshifts with study appointments. The total number of subjects was therefore 316 and all of them were men with similar ethnic and socioeconomic backgrounds.
The company also provided a list of names of the workers who had been working for at least eight years in any of the production departments under study and then resigned. There were 53 such workers; 17 of them had been exposed to Cr 6, four to Cr+3, and 19 to chromite; 13 of them had been working in the cold rolling mill where the control group worked. A questionnaire was sent to all of these former workers, but no clinical examinations were made.
EXPOSURE
An exposure study was carried out through the whole production chain in 1987.12 At the chromite mine in Kemi (chromite group) the average dust concentration was 1 mg/M3n. The median personal exposure to chromium was 22 pg/m3; Cr16 was not detected in any of the samples.
In the furnace department of the ferrochromium plant (Cr+6 group) the average dust exposure was 1 5 mg/M3. The dust contained an average of 5%-10% chromium. The proportion of Cr+6 of the total chromium was 0-1%-0'3%. The highest concentrations were detected during tapping in the vicinity of the tap hole, where the proportion of Cr+6 was 10-fold (1%-3%) the level in other areas. In the sintering and crushing departments (Cr+3 group) the average dust exposure was 2-4 mg/M3.
In the steel smelting shop (Cr+6 group), the average exposure to total dust was 1-8 mg/M3. The dust contained 2%-4% chromium. The median Cr+6 concentration was 0-5 yg/m3. The highest values among personal samples were detected in the handling of molten metal by the arc furnace (6-6 pg/m3). Although judged from the stationary samples (in which the amount of air collected was large), Cr+6 seemed to be present at low concentrations throughout the steel smelting shop; it exceeded the detection limit of 0-5 pg/M3 in only some of the personal samples.
The total dust content was low throughout the cold rolling mill (control group); it averaged 0 3-0 5 mg/M3. In general, the content of chromium in the air in the cold rolling mill was lower than the detection limit of the measurement method.
METHODS
A questionnaire was sent to the participants one week before the clinical examinations. It was based on the standardised questionnaire of a study made in the wool textile industry by the Edinburgh Study Group'3 and the definitions from the Medical Research Council (MRC) questionnaire,'4 and it asked for information on personal characteristics, occupational history, respiratory symptoms, smoking habits, medication, and personal and family histories of allergic and pulmonary diseases. Some questions considered, among other things, the following items: cough, phlegm, shortness of breath, and wheeze. Symptoms of rhinitis and eye irritation were also included.
Cough, lasting more than three months and improving after a holiday of more than one week, was considered to be work related. Similarly, dyspnoea occurring at least twice a month and caused or worsened by impurities in the work environment or during a workshift, but becoming better after a week's holiday, was regarded as work related. Questions about back or stomach pain and general health status were used as control questions because they were not considered to be associated with the current occupational exposure.
Spirometry, measurement of diffusing capacity, a chest x ray film examination, and laboratory tests were carried out by a mobile research unit with two experienced laboratory technicians.
Spirometry was performed on each subject with a computerised flow volume spirometer ME 101 (Medikro Oy, Kuopio, Finland). The spirometer was calibrated each day with a 5 litre syringe. At least three satisfactory acceptable forced maximal expirations were performed according to the standards of the American Thoracic Society,'5 and all volumes were corrected to body temperature, pressure, and saturation (BTPS). Each 16 7 (6 5) 16 9 (5 4) 17 0 (5 4) 15-1 (7 2) founders was taken into account using covariates. The possible confounders were age, 16-3 (7-9) 18-9 (9-3) 20 1 (83) 17-4 (8-3) exposure time, height, weight, and smoking. As a covariate, smoking was taken into the model as pack-years, but we also included it in the model as a factor, where it was classified. names or exposure data of the subjects. If the The statistical software used was SAS (SAS classifications of the radiologists differed, the Institute, USA) and Egret (Egret, USA).
higher classification was recorded as the result. One of the radiologists was a certified NIOSH B reader. The radiographs of the control group were mixed with those of the exposed groups.
The urinary concentration of chromium was measured from the specimens of 44 workers from the steel smelting shop to ascertain the exposure level compared with the level in an earlier study in the same production chain.'2 Every other worker in the steel smelting shop was selected from the alphabetical payroll list. The specimens were collected in the afternoon after the workshift. 
Results

SUBJECTS
The participation of exposed workers in this study was high, almost 100%, and for the controls the corresponding value was 72%.
The study groups were similar in height and weight (table 1) . There was a five year difference between the mean age of the youngest (control) and the oldest (Cr+') groups. More than half of the workers in the Cr+3 and chromite groups were between the ages of 45 and 65 years. The chromite group contained more current smokers and fewer non-smokers than the other groups. Also, the chromite group smoked more and had smoked longer than the other groups.
Only three men had been previously exposed to chromium compounds in the metal industry. The groups were similar for former agricultural work and exposures to silica dust, welding fumes, asbestos, solvents, and textile dusts (data not shown). There were no differences between the number of reported earlier allergic or pulmonary diseases diagnosed by a physician. Allergic rhinitis and bronchial asthma were infrequent; no asthma was reported in the chromite or control group. The groups were similar with regard to medication for hypertension and cardiovascular diseases.
*Cr 'I, Cr+3, and chromite groups v control group, Student's two tailed t test.
tShortness of breath when hurrying on level ground. tShortness of breath when hurrying on level ground.
SYMPTOMS
The prevalence of most of the respiratory and other symptoms did not differ significantly in the comparison between the groups (table 2) . The production of phlegm was more frequent in the Cr+3 and chromite groups than in the other groups. Work related cough or dyspnoea was significantly more frequent in the Cr+6 (P = 0-041) and the Cr+3 (P = 0-033) groups than in the control group. No significant differences between the exposure groups and the controls were found in the odds ratio (OR) of the symptoms (table  3) . In the logistic regression analysis age and smoking significantly explained the occurrence 744 group.bmj.com on November 6, 2017 -Published by http://oem.bmj.com/ Downloaded from Respiratory health of workers exposed to low levels of chromium in stainless steel production fer from the corresponding results of the controls, except for the FVC of the smokers in the Cr+3 group, for whom it was lower than for the smokers in the control group (table 4).
In the group comparison of the adjusted lung function results, modelling for interactions between study group, smoking, and exposure time did not show a significant difference for any of the lung function variables.
The same analysis of variance without interactions showed that the chromite group had lower FVC, FEVy, and diffusing capacity values than the other groups, including the control group. The difference in these variables remained when smoking (pack-years) was included as a covariate in the model. The inclusion of smoking or pack-years or both significantly decreased the values of the same variables.
The percentages of the lung function test results that were below the predicted values '6 were similar among the exposed groups, except for the chromite group, for which all the diffusing capacity variables and the FVC, FEVy, and MEF50 were significantly decreased (table 5 ). Table 6 shows the radiological findings. The number of positive findings increased with age in the Cr+6, Cr+3, and control groups.
RADIOGRAPHS
Radiographic parenchymal abnormalities were found more often, but not significantly among the workers in the chromite group (table 7) .
Changes in the parietal and visceral pleura were also more frequent (not significantly) among the workers exposed to chromite, who, however, had no bilateral plaques (table 8) .
URINARY CHROMIUM
The mean urinary concentration of chromium was 003 pmol/l for the 44 Minor differences in the occurrence of cough and shortness of breath were seen when the Cr+6, Cr+3, and chromite groups were compared with the control group. However, in the logistic regression analysis no significant differences in the risk ratios were found between the groups.
The lung function results of our study could not be compared with the results from other studies because there are no such data available on stainless steel production.
As in this study epidemiological studies on respiratory functions very often indicate that the results of lung function tests of former smokers may surprisingly differ from the results of both non-smokers and current smokers. The reason for them having stopped smoking is often some effect on the respiratory system. Therefore in this study ex-smokers were included in the group of smokers in most of the analyses.
The results of the lung function tests in the groups exposed to Cr+6 or Cr+3 did not differ from those of the control group. On the contrary, the results on respiratory volumes and diffusing capacity in the chromite group were slightly worse than those of the control group. This difference was most evident for the smokers in this group, which had the largest proportion of smokers.
The airborne dust in the chromite mine has been shown to be one third chromite, one third talc, and one third chlorite serpentine. The talc and serpentine particles are primarily lamellar schists. Part of the chlorite serpentine particles can be classified as fibres. During the late 1960s and early 1970s, when the process was different and the technology less advanced, the dust concentrations in the ambient air at the mine were higher than the current concentrations.
Limited areas in the ore of the north eastern part of the mine and its waste rock contained crevices filled with chrysotile. During 1987-9 the mean concentration of fibres in personal samples was 0 14 fibres/cm3 for drillers and 0-1 1 fibres/cm3 for loaders at the open pit and 0-28 fibres/cm3 in the concentrating plant. According to scanning electron microscopy 42-5% of these fibres were chrysotile asbestos, and the rest comprised other particles-for example, vertical lamellar minerals.
The workers from the chromite mine were slightly older than the controls, and the proportion of smokers among them was greater. Therefore the lower lung function values of 746 group.bmj.com on November 6, 2017 -Published by http://oem.bmj.com/ Downloaded from Respiratory health of workers exposed to low levels of chromium in stainless steel production these workers can be explained partly, but not totally, by the differences in age and smoking habits between the groups. It is also probable that there is a causal correlation between our findings and both the higher dust exposures during the first years of mine operation and the fibrous minerals in the waste rock of the mine.
Radiological parenchymal abnormalities and plaques classified according to ILO recommendations were not common in our study. Small opacities were more frequently observed in the radiographs of the workers exposed to chromite than in the radiographs of the other groups. This finding agrees with the idea that early exposure to fibrous materials is a factor contributing to the pulmonary effects.
An increased risk of lung cancer has been found among workers in the production of chromates and chromate pigments, as well as in chromium plating, although no conclusive data are available on lung cancer in ferrochromium production.202' No cases of lung cancer were found in this study. However, risk of cancer could not be excluded because the follow up time was short and the exposed group young and small.
No cases of chromium asthma were found in this study. It was recently reported that mortality from non-malignant diseases of the respiratory system was not increased (standardised mortality ratio (SMR 0O88)) among production workers in stainless steel produc- 
